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(57) ABSTRACT

According to one embodiment, a rotating electrical machine
has a vibrating-element. The vibrating-element has spring
bars and circular members which cover spring bars while a
partis connected to spring bars. The spring bars are connected
to first stator core connection portions, which are formed so as
to be spaced out in a circumferential direction from each other
at two locations on a side surface of the stator core. The stator
frame is connected by the second stator core connection por-
tions, which are formed by two locations which are different
from the first stator core connection portions, of the stator
core. The second stator core connection portions contain a
position adjacent to a node portion of a circular mode of
vibration of the stator core, in which antinodes and nodes of
vibration alternately appear in the circumferential direction
as the vibrating-element is attached to the stator core.

5 Claims, 23 Drawing Sheets
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ROTATING ELECTRICAL MACHINE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2010-105247,
filed on Apr. 30, 2010; the entire content of which is incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a rotat-
ing electrical machine that vibrates because of electro-mag-
netic pull force that occurs as a rotor rotates.

BACKGROUND ART

A rotating electrical machine such as a power generator or
electric motor includes a rotor, which rotates together with a
rotating shaft, and a stator, which is so formed as to surround
the rotor from the radial-direction outside. The stator includes
acylindrical stator core, which is so formed as to surround the
rotor, and a stator frame, which covers the stator core from the
radial direction.

Because of the electro-magnetic pull force that occurs as
the rotor rotates, electro-magnetic vibrations occur at the
stator. It is necessary to prevent the electro-magnetic vibra-
tions from transmitting to a base on which the rotating elec-
trical machine is placed. As for the stator of a typical rotating
electrical machine, an elastic body or the like is placed
between the stator core and the stator frame so that the stator
core is supported through the elastic body, thereby keeping
the electro-magnetic vibrations from transmitting to the out-
side of the stator frame.

For example, in a 2-pole turbine generator, the electro-
magnetic pull force that acts on the rotor vibrates in a circular
mode of vibration, which has node portions of vibrations in
the circumferential direction. In the 2-pole turbine generator,
there are four node portions. The circular mode of vibration
moves in the circumferential direction at the same frequency
as a rotating speed of the rotor.

Meanwhile, like the electro-magnetic pull force, the stator
vibrates ina four-node circular natural mode of vibration. The
vibration mode of the stator is substantially the same as the
vibration mode of the electro-magnetic pull force of the rotor.
Therefore, the stator is excited severely. In this case, as the
vibration mode of the electro-magnetic pull force (excitation
force) increases, so does the natural mode of vibration of the
stator.

The circumferential-direction distribution of the excitation
force mode is represented by formula (1) because there are
four node portions. In this case, the angle of the circumfer-
ential direction is represented by 6, and the magnitude of the
electro-magnetic pull force of the rotor by F,,.

F(0)=Fcos(20) (€8]

Meanwhile, for the circumferential-direction distribution
of the circular natural mode of vibration of the stator core, if
the number of node portions is n, formula (2) is realized. In
this case, the displacement in the circumferential direction is
represented by X, and the amplitude thereof by x,,.

x(0)=xycos(#0) 2)

Accordingly, mode excitation force F,, is represented by
formula (3).
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Fo=(F-x) @

21
= f Focos(20) - xgcos(n - 6)d o
0

That is, in any cases other than n=4, orthogonality is real-
ized. Accordingly, the mode excitation force comes to zero.
Therefore, it is possible to ignore any mode response other
than n=4.

The four-node natural circular mode of vibration includes
two vibration modes. According to one vibration mode, anti-
nodes of vibration (portions where the amplitude is large) are
formed on, for example, a vertical central axis of a rotating-
shaft-direction cross-sectional surface of the stator core.
According to the other mode, the antinodes of vibration are
formed on an axis that is tilted at 45 degrees from the above
vertical central axis.

As for the distribution of both vibration modes, the nodes
of'vibration (where the amplitude becomes zero) are replaced
with the antinodes of vibration. That is, at locations where
antinodes emerge according to one vibration mode, nodes
emerge according to the other vibration mode. Moreover, the
natural frequency of one vibration mode is equal to that of the
other vibration mode.

Inthe 2-pole turbine generator, the above four-node natural
circular mode of vibration is excited by the excitation force of
the rotor having substantially the same four-node circular
mode of vibration. In each natural mode of vibration, the
positions of nodes remain unchanged. Accordingly, in each
mode response, the positions of nodes remain unchanged, and
the other portions carry out harmonic vibrations in terms of
time so as to be proportional to the shape of modes. Such a
form of vibration is called a standing wave.

However, as in the case of the electro-magnetic pull force
of the above rotor, the stator has two natural circular modes of
vibration; the positions of nodes and antinodes of the vibra-
tion modes emerge differently from each other. A vibration
mode that occurs on a real stator, which is calculated by
superimposing responses of the two vibration modes, is in the
same shape as the four-node circular mode of vibration as in
the case of the excitation force.

If the vibration mode rotates at an angular speed of the
rotor, the magnitude of the amplitude of the stator remains a
certain value across the entire circumference. That is, in the
response of each natural mode of vibration, there are node
portions of vibration. However, in a real response obtained by
superimposing the responses of the two vibration modes, no
node portion emerges.

In this case, since the amplitude is uniform across the
circumferential-direction entire circumference of the stator, it
is difficult to prevent the electro-magnetic vibrations that
occur at the stator from transmitting to the base on which the
rotating electrical machine is placed.

As for a method of suppressing vibrations of the rotating
electrical machine’s stator caused by the electro-magnetic
pull force of the rotor, the following is known, for example, as
disclosed in Japanese Patent Application [Laid-Open Publica-
tions No. 2003-088008, the entire contents of which are
incorporated herein by reference, by having a polygonal
cross-sectional surface of the stator core, the structural sym-
metry of the stator breaks, resulting in a reduction in vibra-
tion.

=Fy-x (n=2)
=0 (n+2)
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become apparent from the discussion herein-
below of specific, illustrative embodiments thereof presented
in conjunction with the accompanying drawings, in which:

FIG. 1is a schematic longitudinal cross-sectional view of a
first embodiment of a rotating electrical machine according to
the present invention;

FIG. 2 is a schematic transverse cross-sectional view of
FIG. 1 taken along II-II;

FIG. 3 is a schematic transverse cross-sectional view of
FIG. 1 taken along II1-11T;

FIG. 4 is a schematic transverse cross-sectional view of
FIG. 1 taken along IV-1V;

FIG. 5 is a model diagram schematically illustrating a
relationship between electro-magnetic pull force of a rotor at
a time when the rotor shown in FIG. 1 is rotating and the
amplitude of vibration of a stator;

FIG. 6 is a model diagram illustrating a form of a first
natural circular mode of vibration (first mode) of a stator core
shown in FIG. 1;

FIG. 7 is a model diagram illustrating a form of a first
natural circular mode of vibration (second mode) of the stator
core shown in FIG. 1;

FIG. 8 is a model diagram schematically illustrating a form
of the first mode of the stator shown in FIG. 1, showing an
in-phase mode in which the stator core and a vibrating ele-
ment deform in the same direction;

FIG. 9 is a model diagram schematically illustrating a form
of the first mode of the stator shown in FIG. 1, showing a
reverse-phase mode in which the stator core and the vibrating
element deform in opposite directions;

FIG. 10 is a model diagram schematically illustrating a
form of the second mode of the stator shown in FIG. 1;

FIG. 11 is a graph showing a frequency characteristic of the
amplitude of vibration of the stator shown in FIG. 1, or a
frequency response diagrammatic drawing showing a difter-
ence in the response of the first mode between when the
vibrating element exists and when the vibrating element does
not exist;

FIG. 12 is a schematic longitudinal cross-sectional view
showing an alternative example of the embodiment shown in
FIG. 1,

FIG. 13 is a schematic transverse cross-sectional view of
FIG. 12 taken along XIII-XIII;

FIG. 14 is a schematic transverse cross-sectional view
showing an alternative example of the embodiment shown in
FIG. 1,

FIG. 15 is a schematic transverse cross-sectional view of a
second embodiment of a rotating electrical machine of the
present invention;

FIG. 16 is a schematic longitudinal cross-sectional view of
a third embodiment of a rotating electrical machine of the
present invention;

FIG. 17 is a schematic transverse cross-sectional view of
FIG. 16 taken along XVII-XVII;

FIG. 18 is a schematic transverse cross-sectional view of
FIG. 16 taken along X VIII-XVIII;

FIG. 19 is a schematic longitudinal cross-sectional view of
a fourth embodiment of a rotating electrical machine of the
present invention;

FIG. 20 is a schematic transverse cross-sectional view of
FIG. 19 taken along XX-XX;

FIG. 21 is a schematic transverse cross-sectional view of
FIG. 19 taken along XXI-XXI;
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FIG. 22 is a schematic longitudinal cross-sectional view of
a fifth embodiment of a rotating electrical machine of the
present invention;

FIG. 23 is a schematic transverse cross-sectional view of
FIG. 22 taken along XXIII-XXIII;

FIG. 24 is a schematic transverse cross-sectional view of
FIG. 22 taken along XXIV-XXIV;

FIG. 25 is a schematic transverse cross-sectional view of
FIG. 22 taken along XXV-XXV;

FIG. 26 is a schematic transverse cross-sectional view of
FIG. 22 taken along XXVI-XXVI;

FIG. 27 is a schematic transverse cross-sectional view of
FIG. 22 taken along XXVII-XXVII;

FIG. 28 is a schematic longitudinal cross-sectional view of
a sixth embodiment of a rotating electrical machine of the
present invention;

FIG. 29 is a schematic longitudinal cross-sectional view of
a seventh embodiment of a rotating electrical machine of the
present invention;

FIG. 30 is a schematic transverse cross-sectional view of
FIG. 29 taken along XXX-XXX;

FIG. 31 is a schematic transverse cross-sectional view of
FIG. 29 taken along XXXI-XXXT;

FIG. 32 is a model diagram showing a second natural
circular mode of vibration (second mode) of the stator shown
in FIG. 29, illustrating an in-phase mode in which the stator
core and a vibrating element deform in the same direction;

FIG. 33 is a model diagram showing the second natural
circular mode of vibration (second mode) of the stator shown
in FIG. 29, illustrating a reverse phase mode in which the
stator core and the vibrating element deform in opposite
directions;

FIG. 34 is a schematic longitudinal cross-sectional view of
an eighth embodiment of a rotating electrical machine of the
present invention;

FIG. 35 is a schematic transverse cross-sectional view of
FIG. 34 taken along XXXV-XXXV;

FIG. 36 is a model diagram schematically showing a first
natural circular mode of vibration (first mode) of the stator
shown in FIG. 34, illustrating an in-phase mode in which the
stator core and the circular member deform in the same direc-
tion;

FIG. 37 is a model diagram schematically showing the first
natural circular mode of vibration (first mode) of the stator
shown in FIG. 34, illustrating a reverse phase mode in which
the stator core and the circular member deform in opposite
directions;

FIG. 38 is a model diagram schematically showing a sec-
ond natural circular mode of vibration (second mode) of the
stator shown in FIG. 34, illustrating an in-phase mode in
which the stator core and the circular member deform in the
same direction;

FIG. 39 is a model diagram schematically showing the
second natural circular mode of vibration (second mode) of
the stator shown in FIG. 34, illustrating a reverse phase mode
in which the stator core and the circular member deform in
opposite directions;

FIG. 40 is a schematic longitudinal cross-sectional view of
a ninth embodiment of a rotating electrical machine of the
present invention;

FIG. 41 is a model diagram schematically showing an
axial-direction form of a first natural circular mode of vibra-
tion (first mode) of the stator core of the rotating electrical
machine shown in FIG. 40;

FIG. 42 is a schematic longitudinal cross-sectional view of
a tenth embodiment of a rotating electrical machine of the
present invention;
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FIG. 43 is a model diagram schematically showing an
outline of a natural mode of vibration in the stator frame
shown in FIG. 42; and

FIG. 44 is a schematic transverse cross-sectional view of an
alternative example of the embodiment shown in FIG. 42.

DETAILED DESCRIPTION

Even though the stator core of the rotating electrical
machine is made by stacking die-cut plates in an axial direc-
tion, the shape of the stator core is large in the case of a large
rotating electrical machine like a turbine generator. There-
fore, it is difficult to mold with one circular die-cut plate.
Thus, the stator core is made by dividing a die-cut plate in the
circumferential direction at a small angle into sector pieces
and stacking the fan-shaped pieces in the axial direction in
such a way that the angular difference between the fan-shaped
pieces is half an interior angle of the sector pieces.

In this case, a plurality of kinds of die-cut plates’ shape is
required to make a polygon, making the production process
more complicated. Moreover, the external shape of the stator
core becomes larger than a circular cross-sectional surface,
leading to an increase in the size and weight of the generator’s
main unit. Therefore, it may be difficult to apply the following
measure to a large machine: a polygonal stator core is made to
deal with vibrations.

The present invention has been made to solve the above
problems. The object of the present invention is to make it
possible to curb the vibrations of the rotating electrical
machine, which are attributable to electro-magnetic vibra-
tions that occur due to the rotation of the rotor.

According to an embodiment, there is presented a rotating
electrical machine, characterized by comprising: a rotor that
includes a rotating shaft, which rotates around a predeter-
mined axis, and rotates together with the rotating shaft; a
stator core that is substantially in a shape of'a hollow cylinder,
is made of a plurality of steel plates, which are substantially in
a shape of a circular disc and stacked in an axial direction, and
is disposed so as to surround an outer circumference of the
rotor; a stator frame that is so formed as to cover the stator
core from a radial-direction outside in such a way that prede-
termined radial-direction intervals are maintained on a side
surface of the stator; a beam structural member that is con-
nected to first stator core connection portions, which are
formed so as to be spaced out in a circumferential direction
from each other at least at two locations on a side surface of
the stator core, with portions, other than portions connected to
the first stator core connection portions, being disposed so as
to surround part of the side surface in a circumferential direc-
tion from the radial-direction outside in such a way that
predetermined radial-direction intervals are maintained on
the side surface of the stator core, and is able to elastically
deform at least in the radial direction.

There is also presented a rotating electrical machine, char-
acterized by comprising: a rotor that includes a rotating shaft,
which rotates around a predetermined axis, and rotates
together with the rotating shaft; a stator core that is substan-
tially in a shape of a hollow cylinder, is made of a plurality of
steel plates, which are substantially in a shape of a circular
disc and stacked in an axial direction, and is disposed so as to
surround an outer circumference of the rotor; a stator frame
that is so formed as to cover the stator core from a radial-
direction outside in such a way that predetermined radial-
direction intervals are maintained on a side surface of the
stator; and a beam structural member that is connected to
frame connection portions, which are formed so as to be
spaced out in a circumferential direction from each other at

20

25

40

45

6

least at two locations on an outer surface of the stator frame,
with portions, other than portions connected to the frame
connection portions, being disposed so as to surround part of
the outer surface in circumferential direction from the radial-
direction outside in such a way that predetermined radial-
direction intervals are maintained on the outer surface of the
stator frame, and is able to elastically deform at least in the
radial direction.

There is also presented a rotating electrical machine, char-
acterized by comprising: a rotor that includes a rotating shaft,
which rotates around a predetermined axis, and rotates
together with the rotating shaft; a stator core that is substan-
tially in the shape of a hollow cylinder, is made of a plurality
of steel plates, which are substantially in the shape of a
circular disc and stacked in an axial direction, and is disposed
so as to surround an outer circumference of the rotor; a stator
frame that is so formed as to cover the stator core from a
radial-direction outside in such a way that predetermined
radial-direction intervals are maintained on a side surface of
the stator; and a beam structural member that is connected to
frame connection portions, which are formed so as to be
spaced out in a circumferential direction from each other at
least at two locations on an inner surface of the stator frame,
with portions, other than the portions connected to the frame
connection portions, being disposed so that part of the inner
surface goes along radial-direction inside in the circumferen-
tial direction in such a way that predetermined radial-direc-
tion intervals are maintained on the inner surface of the stator
frame, and is able to elastically deform at least in the radial
direction.

Hereinafter, embodiments of rotating electrical machines
of'the present invention will be described with reference to the
accompanying drawings.

First Embodiment

A first embodiment of a rotating electrical machine of the
present invention will be described with the use of FIGS. 1 to
14.

FIG.1 is a schematic longitudinal cross-sectional view of a
rotating electrical machine according to the present embodi-
ment. FIG. 2 is a schematic cross-sectional view of FIG. 1
taken along I1-1I. FIG. 3 is a schematic cross-sectional view of
FIG. 1 taken along III-III. FIG. 4 is a schematic cross-sec-
tional view of F1G. 1 taken along IV-1V. Incidentally, in FIGS.
3 and 4, a rotor 1 is not shown.

FIG. 5 is a model diagram schematically illustrating a
relationship between electro-magnetic pull force of a rotor at
a time when the rotor 1 shown in FIG. 1 is rotating and the
amplitude of vibration of a stator 10. FIG. 6 is a model
diagram illustrating a form of a first natural circular mode of
vibration (first mode) of a stator core 11 shown in FIG. 1. FIG.
7 is a model diagram illustrating a form of a second natural
circular mode of vibration (second mode) of the stator core 11
shown in FIG. 1.

FIG. 8 is amodel diagram schematically illustrating a form
of'the first mode of the stator 10 shown in FIG. 1, showing an
in-phase mode in which the stator core 11 and a vibrating
element 30 deform in the same direction. FIG. 9 is a model
diagram schematically illustrating a form of the first mode of
the stator 10 shown in FIG. 1, showing a reverse-phase mode
in which the stator core 11 and the vibrating element 30
deform in opposite directions.

FIG. 10 is a model diagram schematically illustrating a
form of the second mode of a system combining the stator
core 11 of the rotating electrical machine shown in FIG. 1 and
the vibrating element 30. FIG. 11 is a graph showing a fre-
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quency characteristic of the amplitude of vibration of the
stator 10 shown in FIG. 1, which, as a frequency response
diagrammatic drawing, shows a difference in the response of
the first mode between when the vibrating element 30 exists
and when the vibrating element 30 does not exist.

FIG. 12 is a schematic transverse cross-sectional view
showing an alternative example of the embodiment shown in
FIG. 1. Incidentally, in FIG. 12, the rotor 1 is not shown.

First, the configuration of the rotating electrical machine of
the present embodiment will be described.

The rotating electrical machine includes the rotor 1, which
includes a horizontal rotating shaft, and the stator 10, which
surrounds the rotor 1 from the radial-direction outside. The
stator 10 includes the stator core 11 and a stator frame 12,
which surrounds the stator core 11 from the radial-direction
outside. On the outside of the stator frame 12, a leg portion 13
(FIG. 2) is provided: the leg portion 13 is connected to a base
on which the rotating electrical machine is placed.

The stator core 11 has a plurality of steel plates, which are
substantially in the shape of a circular disc with a hole being
formed on the center. The steel plates are so disposed as to
surround the rotor 1 from the radial-direction outside and are
stacked in an axial direction. In this manner, the stator core 11
is formed.

On an outer circumference surface of the stator core 11, a
plurality of rib bars 14 extending in the axial direction are
spaced out in a circumferential direction from each other and
attached so as to run parallel. The rib bars 14 each extend from
an axial-direction end portion of the stator core 11 to the other
end portion.

According to the present embodiment, on a radial-direc-
tion inside of the stator frame 12 on the radial-direction out-
side of the stator core 11, nine stator core rib plates, a plurality
of spring bars 31, a circular member 35 and the like are
disposed. The following describes the configuration of the
above members and the like.

What is disposed on the radial-direction outsides of the rib
bars 14 is nine stator core rib plates to fix the rib bars 14: a first
stator core rib plate 21, a second stator core rib plate 22, a third
stator core rib plate 23, a fourth stator core rib plate 24, a fifth
stator core rib plate 25, a sixth stator core rib plate 26, a
seventh stator core rib plate 27, an eighth stator core rib plate
28, and a ninth stator core rib plate 29.

The first to ninth stator core rib plates 21 to 29 each have an
opening at the center and are in the shape of a circular disc on
which a hole is made, with a surface being formed so as to
extend in the radial direction on the radial-direction outside of
the opening. The first to ninth stator core rib plates 21 to 29 are
so arranged as to be evenly spaced out from each other in the
axial direction. According to the present embodiment, the
first to ninth stator core rib plates 21 to 29 are arranged in the
following order from left to right in the case of FIG. 1: the first
stator core rib plate 21, the second stator core rib plate 22, the
third stator core rib plate 23, the fourth stator core rib plate 24,
the fifth stator core rib plate 25, the sixth stator core rib plate
26, the seventh stator core rib plate 27, the eighth stator core
rib plate 28, and the ninth stator core rib plate 29.

The first to ninth stator core rib plates 21 to 29 are so
disposed that the rib bar 14 and the stator core 11 exist in each
opening. With the insides of the openings being in contact
with the outside of each rib bar 14, each rib bar 14 is fixed on
the stator core 11.

A plurality of spring bars 31 are in the shape of a bar,
extending in the axial direction. The spring bars 31 are dis-
posed, around the axial-direction center of the stator core 11
and on the radial-direction outside of the stator core rib plate,
s0 as to be spaced out at predetermined intervals in the radial
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direction and run parallel to each other. In the present
example, 24 bars are arranged along the circumferential
direction (FIG. 2). The spring bars 31 are so formed as to be
able to deform elastically in the radial direction.

The spring bars 31 stretch over the fourth to sixth stator
core rib plates 24 to 26. That is, the spring bars 31 are so
formed that both ends of each spring bar 31 are on the radial-
direction outside of the fourth stator core rib plate 24 and on
the radial-direction outside of the sixth stator core rib plate
26.

On the radial-direction outsides of the fourth to sixth stator
core rib plates 24 to 26, a first spring bar attachment portion
40a, a second spring bar attachment portion 405 and a third
spring bar attachment portion 40¢ are integrally formed to fix
the spring bars 31. The first to third spring bar attachment
portions 40a to 40c¢ cover the fourth to sixth stator core rib
plates 24 to 26 from the radial-direction outside across the
entire circumference and are in the shape of a plate on which
a surface is so formed as to extend in the radial direction. One
end portion of each spring bar 31 (the left end portion in the
case of FIG. 1) is attached to a surface that is formed on the
fourth stator core rib plate 24 so as to extend in the radial
direction of the first spring bar attachment portion 40a. The
other end portion of each spring bar 31 (the right end portion
in the case of FIG. 1) is attached to the surface of the third
spring bar attachment portion 40c of the sixth stator core rib
plate 26. Each spring bar 31 is fixed so as to pierce through a
surface extending in the radial direction of the second spring
bar attachment portion 405 of the fifth stator core rib plate 25.

The first to third spring bar attachment portions 40a to 40c
are each connected to the fourth to sixth stator core rib plates
24 to 26 at predetermined circumferential-direction posi-
tions. As for the other parts, the radial-direction intervals
remain spaced out. Circumferential-direction positions that
serve as connection portions, i.e. first stator core connection
portions 41 (FIG. 3), are formed at two locations (in the right
and left areas of the diagram), which are positioned substan-
tially at the same height as the rotating center of the rotating
shaft. As shown in FIG. 3, the radial-direction intervals are
half-circle arc through holes 61, which run in the circumfer-
ential direction and are about less than half the circumference
of'the circle in length; the half-circle arc through holes 61 are
formed at two locations in an upper area and a lower area of
FIG. 3 s0 as to contain the center of the rotating shaft and be
symmetrical about a line, which is a horizontal line running
perpendicularly to the center of the shaft. That is, the fourth to
sixth stator core rib plates 24 to 26 are plate-like members on
which two half-circle arc through holes 61 are formed. Posi-
tions where the first stator core connection portions 41 are
formed will be described later.

The circular member 35 is disposed on the radial-direction
outside of each spring bar 31. In the example shown in FIG. 1,
the circular member 35 is a hollow cylindrical member whose
axial-direction length is shorter than the axial-direction
length of each spring bar 31.

The circular member 35 is connected to each spring bar 31
through two circular attachment plates, i.e. a first circular
attachment plate 334 and a second circular attachment plate
335

The first circular attachment plate 33a is a circular disc on
which a hole is made; the first circular attachment plate 33a is
disposed between the fourth stator core rib plate 24 and the
fifth stator core rib plate 25 so as to be closer to the fourth
stator core rib plate 24. The second circular attachment plate
335 is a circular disc on which a hole is made; the second
circular attachment plate 335 is disposed between the fifth
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stator core rib plate 25 and the sixth stator core rib plate 26 so
as to be closer to the sixth stator core rib plate 26.

The first circular attachment plate 33a and the second
circular attachment plate 335 each fix each spring bar 31 in
such a way that each spring bar 31 passes therethrough.
Moreover, the first and second circular attachment plates 33a
and 335 each fix the circular member 35 so that the circular
member 35 does not interfere with the first to third spring bar
attachment portion 40a to 40¢ formed on the fourth to sixth
stator core rib plates 24 t0 26, i.e. that the inner circumference
side of the circular member 35 is on the radial-direction
outside of each of the fourth to sixth stator core rib plates 24
to 26. The mass of the circular member 35 and other details
will be described later.

The spring bars 31 and the circular member 35 make up the
vibrating element 30. The operation of the vibrating element
30 will be described later.

On the radial-direction outside of the second stator core rib
plate 22 and on the radial-direction outside of the eighth stator
core rib plate 28, stator frame connection portions 50 are
integrally formed. The radial-direction outsides of the stator
frame connection portions 50 are connected to the inside of
the stator frame 12.

The stator frame connection portions 50 are connected to
the second and eighth stator core rib plates and 28 at prede-
termined circumferential-direction positions. As for the other
parts, the radial-direction intervals remain spaced out. Cir-
cumferential-direction positions that serve as connection por-
tions, i.e. second stator core connection portions 52 (FIG. 4),
are formed at two locations, which are positioned substan-
tially at the same height as the rotating center of the rotating
shaft, as well as two locations in an upper area and a lower
area (vertical direction), totaling four locations. As shown in
FIG. 4, the radial-direction intervals are partial circular-arc
through holes 62, which run in the circumferential direction
and are formed at four locations and about less than a quarter
of'the circumference of the circle in length. That is, the second
and eighth stator core rib plates 22 and 28 are plate-like
members on which four partial circular-arc through holes 62
are formed. Positions where the second stator core connection
portions 52 are formed will be described later.

The following describes the operation of the present
embodiment.

In the case of a 2-pole turbine generator, the electro-mag-
netic pull force that acts on the inner circumference of the
stator core 11 from the rotor 1 forms an elliptical circular
mode of vibration, which has four node portions (Points P1,
P2, P3 and P4 in the diagram) as shown in FIG. 5. Moreover,
as the rotor 1 rotates, the electro-magnetic pull force rotates
and moves in a direction indicated by arrow X.

At this time, the travelling angular velocity is 2mxf[rad/s]
when the rotation speed of the rotor 1 is represented by f{Hz].
However, the distribution of the electro-magnetic pull force is
in the shape of an ellipse. Therefore, vibration frequency f,
of' the electro-magnetic force that acts on the stator core 11 is
2f [Hz].

As described above, in the 2-pole turbine generator, what is
excited by the electro-magnetic pull force of the rotor 1 is the
circular natural mode of vibration having four nodes; any
other natural modes of vibration are not excited.

When the vibrating element 30 is not attached, the four-
node circular natural mode of vibration of the stator core 11
includes two circular natural modes of vibration, i.e. the first
and the second modes.

As for the first mode, as indicated by curved line A in FIG.
6, one main axis (a short axis in FIG. 6) of an elliptical ring is
substantially aligned with a horizontal axis. Therefore, as for
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the second mode, as indicated by curved line B in FIG. 7, a
main axis, which is for example a long axis, makes an angle of
about 45 degrees with the horizontal axis.

As indicated by four points, al, a2, a3 and a4, on the first
mode shown in FIG. 6, there are four node potions where the
amplitude is zero. The circumferential-direction amplitude
distribution in the electro-magnetic vibration that vibrates in
the radial direction is formed in such a way that node and
antinode portions alternately occur in the circumferential
direction. The second mode has almost the same natural fre-
quency as the first mode does. As indicated by four points, b1,
b2, b3 and b4, on the second mode shown in FI1G. 7, there are
four node portions where the amplitude is zero. The second
mode is formed so as to be substantially in the same shape as
the first mode, with the long axes making an angle of 45
degrees with each other.

According to the configuration of a typical power genera-
tor, the position of a node portion of the first mode is substan-
tially the same as the position of an antinode portion of the
second mode; the position of a node portion of the second
mode is substantially the same as the position of an antinode
portion of the first mode. Moreover, the natural frequency
corresponding to the first mode is substantially equal to the
natural frequency corresponding to the second mode. Even
though the first and the second modes are standing waves, the
first and the second modes play complementary roles in such
away that node and antinode portions appear differently from
each other. Therefore, no node portion appears when both
modes are superimposed.

When the rotational electro-magnetic force, which is in the
shape of an ellipse, acts on the stator core 11 due to the
characteristic of the circular natural mode of vibration, the
natural modes of vibration of the first and second modes are
evenly excited. Therefore, after the response vibration modes
of the first and second modes are combined, identical vibra-
tion amplitudes emerge across the entire circumference of the
stator core 11.

Look at displacements over time as to the deformation of
the stator core 11 caused by the above. The deformation of the
stator core 11 at a given time t takes a form of a circular mode
of vibration that has four node portions (P1 to P4) as in the
case of the form of the electro-magnetic excitation force, as
indicated by solid line W1 in FIG. 5. When the rotor 1 is
rotating, the deformed shape of the four-node circular mode
of vibration of the stator core 11 rotates and moves at a
velocity of 2rtf[rad/s] in synchronization with the rotating and
traveling of the electro-magnetic excitation force. Therefore,
the vibration amplitude of the stator core 11 takes a constant
value across the entire circumference as indicated by dotted
line W2 in FIG. 5. That is, on the stator 10 of the rotating
electrical machine, what appears is a form of vibration that
does not have a node portion, which is different from a stand-
ing wave.

In general, when, to a certain structure (main system), a
vibrating element (dependent system) having a different mass
and a spring is attached, the natural frequency of the original
structure changes. According to the present embodiment, the
vibrating element 30, which is a dependent system, is
attached to the stator core 11, which is a main system, on the
first stator core connection portions 41 at two locations,
which are positioned substantially at the same height as the
rotating center of the rotating shaft. In a system where the
stator core 11 and the vibrating element 30 are combined,
depending on the phase relationship of a displacement of the
circular member 35 relative to a displacement of the stator
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core 11 corresponding to the first mode of the stator core 11,
two natural modes of vibration, i.e. the in-phase mode and the
reverse-phase mode, emerge.

As for the natural mode of vibration of the in-phase mode,
the directions of the displacement of the circular member 35
are the same with respect to the deformation of the first mode
of the stator core 11. Accordingly, in the in-phase mode, as
shown in FIG. 8, both the stator core 11 and the circular
member 35 deform in such a way that the stator core 11 and
the circular member 35 expand or contract in the vertical
direction shown in the diagram.

Meanwhile, as for the natural mode of vibration of the
reverse-phase mode, the directions of the displacement of the
circular member 35 are opposite to each other with respect to
the first mode of the stator core 11. Accordingly, in the
reverse-phase mode, as shown in FIG. 9, the stator core 11
deforms in such a way that the stator core 11 expands or
contracts in the horizontal direction shown in the diagram,
while the circular member 35 deforms in such a way that the
circular member 35 expands or contracts in the vertical direc-
tion.

At this time, the natural frequency of the in-phase mode
goes below the original natural frequency (the natural fre-
quency of the first mode); the natural frequency of the
reverse-phase mode goes above the original natural fre-
quency. To establish the relationship shown in formula (4)
between the natural frequency f; of a low-order in-phase
mode, the natural frequency {;, of a high-order reverse-phase
mode, and the vibration frequency {,,; (equal to double the
frequency of power supply) of the electro-magnetic excita-
tion force caused by the electro-magnetic pull force of the
rotor 1, the vibrating element 30 is designed by making
adjustments to the shape, structure, configuration and mate-
rial of the circular member 35, as well as to the shape, rigidity
and other factors of the spring bars 31.

Jr <SS 4)

Meanwhile, the vibrating element 30 is connected at a
position corresponding to a node portion of the second mode
of the stator core 11, i.e. at the first stator core connection
portion 41. Accordingly, the vibrating element 30 does not
affect the second mode. Thus, even in the system where the
stator core 11 and the vibrating element 30 are combined, the
second mode turns out to be a circular mode of vibration
whose main axis makes an angle of about 45 degrees with the
horizontal axis, i.e. a mode that deforms so as expand or
contract obliquely as shown in FIG. 10.

Therefore, the natural frequency of the second mode
remains almost unchanged, and the separation of the natural
frequency does not take place. Thus, as for the natural mode
of'vibration of the second mode, only the form shown in FIG.
10 occurs.

With respect to the stator core 11, the vibrating element 30
is connected to a portion corresponding to an antinode portion
of the vibration of the first mode of the four-node circular
mode of vibration of the stator core 11. That is, the first stator
core connection portions 41 of the fourth to sixth stator core
rib plates 24 to 26 are each formed at positions corresponding
to antinode portions of the vibration of the first mode of the
stator core 11. Therefore, the natural frequency of the first
mode of the four-node circular mode of vibration of the stator
core 11 is divided into low-order f; and high-order f,,, with
the vibration frequency f, . of the electro-magnetic excita-
tion force therebetween.

The vibration response of the structure, which is caused by
the excitation force, can be calculated by superimposing the
vibration responses of the respective natural modes of vibra-
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tion. In the case of the electro-magnetic excitation force, only
the four-node circular mode of vibration is excited. There-
fore, the vibration response of the stator 10 can be calculated
by adding up the responses of three circular natural modes of
vibration, which are schematically shown in FIGS. 8 to 10.

The response in the circular natural mode of vibration is
calculated by multiplying the circular natural mode of vibra-
tion by: the magnitude of the excitation force, the natural
frequency, the excitation frequency, and the response sensi-
tivity, which is provided as a function of an attenuation rate.
The form of a displacement of the response is the same as that
of the natural mode of vibration. That is, the response of the
stator 10 is calculated by multiplying each circular natural
mode of vibration by a coefficient and adding up the resultant
values.

When the relationship of formula (4) is true, it is assumed
that the vibration response in the first mode also deforms in
the forms shown in FIGS. 8 and 9. To be exact, the magnitude
of the displacement depends on the response sensitivity.
However, the general deformation may be based on the above
idea.

That is, in the first mode, in response to the low-order
natural mode of vibration, the vibration response of the form
shown in FIG. 8 occurs; in response to the high-order natural
mode of vibration, the vibration response of the form shown
in FIG. 9 appears. At this time, as for the displacement of the
stator core 11, the low-order natural mode of vibration and the
high-order natural mode of vibration are in the reverse-phase
relationship to each other; the displacement of the circular
member 35 is in the in-phase relationship.

When the responses of the two circular modes of vibration
are superimposed, the displacement of the stator core 11
decreases since the reverse-phase displacement is added up.
In theory, the displacement of the stator core 11 can be zero.
Meanwhile, the response of the circular member 35 has sub-
stantially doubled because the in-phase displacement is
superimposed. Thus, the response of the first mode curbs the
displacement of the stator core 11.

The amplitude of the stator core 11 shows a maximum
value at the original natural frequency (f0), as indicated by
dotted line in FIG. 11, when there is no vibrating element 30.
At this time, the amplitude ratio at the electro-magnetic exci-
tation frequency (f,,) is about 10. On the other hand, it is
clear that since the vibrating element 30 is provided, local
maximum values appear at two separated natural frequencies
(f; and {},), as indicated by solid line in FIG. 11, as for the
amplitude of the stator core 11, while the response decreases
therebetween. In this case, the amplitude ratio at the electro-
magnetic excitation frequency (f, ;) is less than or equal to 2.
In this manner, when the vibrating element 30 is attached to
the stator core 11, it is possible to reduce the vibration
response of the first mode that occurs at the stator core 11 due
to the electro-magnetic excitation force.

Meanwhile, the separation of the natural frequency does
not take place in the second mode. Therefore, only a single
mode shown in FIG. 10 exists. Thus, a mode response occurs
in the form shown in FIG. 10 for the electro-magnetic exci-
tation force.

That is, as for the circular natural mode of vibration of the
stator core 11, the response of the first mode decreases, while
only the response of the second mode is left behind. The
second mode has four node portions, and the response of the
second mode is therefore a standing wave. Thus, the ampli-
tude that occurs at the stator core 11 forms the distribution
indicated by dotted line L1 in FIG. 4.

The stator frame connection portions 50 connect the stator
core 11 and the stator frame 12 at four node portions of the
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second mode. That is, as shown in FIG. 4, the second stator
core connection portions 52 of the second and eighth stator
core rib plates 22 and 28 are each formed at positions corre-
sponding to node portions of vibration of the second mode of
the stator core 11. As described above, the response of the
stator core 11 caused by electro-magnetic excitation force is
a standing wave that vibrates in the form of'the second mode;
the amplitude is small at the node portions of the second
mode. Therefore, thanks to the second stator core connection
portions 52, it is possible to curb the vibration transmitting
from the stator core 11 to the stator frame 12.

Therefore, it is possible to prevent the vibration from trans-
mitting to the base, on which rotating electrical machine is
placed, via the leg portion 13 that is provided on the stator
frame 12.

Incidentally, the state of the connection of the stator core 11
shown in FIG. 4 to the stator frame 12, i.e. the second and
eighth stator core rib plates 22 and 28 on which the second
stator core connection portions 52 are formed, is of a core
supporting type, which is employed by a relatively low-ca-
pacity turbine generator.

In a high-capacity turbine generator, a stator core rib plate
is connected to an elastic beam member that is provided on a
rib plate connecting the stator core 11 and the stator frame 12;
the stator core 11 is elastically supported with the use of
flexural rigidity of the beam member. For example, when the
above is applied to a 2-pole turbine generator, as shown in
FIGS. 12 and 13, four second spring bars 314 are intensively
disposed at each of four locations in the horizontal and the
vertical direction that face each other. In this manner, the
stator core 11 and the stator frame 12 are connected.

Moreover, as shown in FIG. 14, the spring bars 31, which
make up the vibrating element 30, may be intensively dis-
posed on the radial-direction outsides of the first stator core
connection portions 41. In the example shown in FIG. 14, five
spring bars 31 are each disposed at positions corresponding to
the first stator core connection portions 41. In this case, as for
the first to third spring bar attachment portions 40a to 40c, all
that is required is to connect portions (two locations) of the
first stator core connection portions 41 with respect to the
circumferential direction. Moreover, the following is also
possible: grooves 72 are provided on the outer circumference
of the circular member 35, and the mass of the circular mem-
ber 35 is adjusted by ejecting or inserting a rod member or the
like from or into the grooves 72.

Second Embodiment

A second embodiment of a rotating electrical machine of
the present invention will be described with the use of FIGS.
6 and 15. FIG. 15 is a schematic transverse cross-sectional
view of a rotating electrical machine of the present embodi-
ment. Incidentally, in FIG. 15, the rotor 1 is not shown.

The present embodiment is an alternative example of the
first embodiment (FIGS. 1 to 14). The portions that are the
same as or similar to those of the first embodiment are repre-
sented by the same reference symbols and will not be
described again.

In the rotating electrical machine of the present embodi-
ment, the first stator core connection portions 41 formed on
the fourth to sixth stator core rib plates 24 to 26 are each
formed at one location in each of the upper, lower, left and
right areas shown in FIG. 15. That is, the first stator core
connection portions 41 are formed at two locations, which are
positioned at the same height as the rotating center of the
rotating shaft, as well as at two locations in the upper and
lower areas (vertical direction), totaling four locations. At
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portions that are the same in radial-direction position exclud-
ing the first stator core connection portions 41, partial circu-
lar-arc through holes 62, which are about less than a quarter of
the circumference of the circle in length, are formed. That is,
the fourth to sixth stator core rib plates 24 to 26 are plate-like
members on which four partial circular-arc through holes 62
are formed.

The portions that connect the stator core 11 and the vibrat-
ing element 30, i.e. the first stator core connection portions
41, have increased in number. Therefore, the inertial force of
the vibrating element 30, which acts on the stator core 11,
becomes larger than that of the first embodiment.

As shown in FIG. 6, which is described in the first embodi-
ment, in the first mode of the four-node circular mode of
vibration, antinode portions of vibration exist in the vertical
direction in a similar way to those in the horizontal direction.
In FIG. 6, the horizontal-direction antinode portions are
between al and a4, and the vertical-direction antinode por-
tions between a2 and a3.

When the vibrating element 30 vibrates in the form of the
circular mode of vibration, the inertial force occurs in pro-
portion to the mass of the vibrating element 30. The vibrating
element 30 is connected to the stator core 11 at an antinode
portion where the amplitude is large. Therefore, the inertial
force of the vibrating element 30, which acts on the stator core
11, is transmitted, resulting in the separation of the natural
frequency.

Accordingly, as the connection portions increase in num-
ber, the inertial force of the vibrating element 30 that is
transmitted to the stator core 11 increases. Therefore, it is
possible to reduce the mass of the vibrating element 30 and
make the vibrating element 30 smaller.

Moreover, when the present invention is applied to a 4-pole
turbine generator, the number of nodes of the circular mode of
vibration of the electro-magnetic excitation force is 8. There-
fore, the configuration of the present embodiment can be
employed.

Third Embodiment

A third embodiment of a rotating electrical machine of the
present invention will be described with the use of FIG. 4 and
FIGS. 16 to 18. FIG. 16 is a schematic longitudinal cross-
sectional view of a rotating electrical machine of the present
embodiment. FIG. 17 is a schematic transverse cross-sec-
tional view of FIG. 16 taken along XVII-XVII. FIG. 18 is a
schematic transverse cross-sectional view of FIG. 16 taken
along XVII-XVIII. Incidentally, in FIGS. 17 and 18, the
rotor 1 is not shown.

The present embodiment is an alternative example of the
first embodiment (FIGS. 1 to 14). The portions that are the
same as or similar to those of the first embodiment are repre-
sented by the same reference symbols and will not be
described again.

Hereinafter, the configuration of the rotating electrical
machine of the present embodiment will be described.

As in the case of the first embodiment, in the rotating
electrical machine, a plurality of rib bars 14 are attached to an
outer circumference surface of the stator core 11. The rib bars
14 are fixed to the stator core 11 through first to ninth stator
core rib plates 21 to 29. The first to ninth stator core rib plates
21 to 29 are arranged in the following order from left to right
in the case of FIG. 16: from the first stator core rib plate 21 to
the ninth stator core rib plate 29. In this case, the first to third
stator core rib plates 21 to 23, as well as the seventh to ninth
stator core rib plates 27 to 29, are formed in the same way as
in the first embodiment.
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In the rotating electrical machine, the vibrating element 30
is connected to the inside of the stator frame 12. The follow-
ing describes the configuration of a mechanism by which the
vibrating element 30 is connected.

The vibrating element 30 includes the spring bars 31 and
the circular member 35, which is connected to the spring bars
31 via the first and second circular attachment plates 33a and
33b. The vibrating element 30 is attached to an inner circum-
ference surface of the stator frame 12 via two stator frame
connection plates, i.e. a first stator frame connection plate 55a
and a second stator frame connection plate 554.

The first stator frame connection plate 554 is a member that
is in the shape of a circular disc on which a hole is made, with
the fourth stator core rib plate 24 being disposed on the
radial-direction outside. The first stator frame connection
plate 55a is so disposed that the inner circumference of the
hole maintains a predetermined radial-direction interval on
the radial-direction outside of the fourth stator core rib plate
24. One end portion of each spring bar 31 is connected to the
first stator frame connection plate 554.

The first stator frame connection plate 554 is connected to
the inner circumference of the stator frame 12 at a predeter-
mined circumferential-direction position. As for the other
parts, the radial-direction intervals remain spaced out. Cir-
cumferential-direction positions that serve as connection por-
tions, i.e. the first stator core connection portions 41 (FIG. 8),
are formed at two locations (in the right and left areas of the
diagram), which are positioned substantially at the same
height as the rotating center of the rotating shaft. As shown in
FIG. 18, the radial-direction intervals are half-circle arc
through holes 61, which run in the circumferential direction
and are about less than half the circumference of the circle in
length; the half-circle arc through holes 61 are formed at two
locations in an upper area and a lower area of F1IG. 18 so as to
contain the center of the rotating shaft and be symmetrical
about a line, which is a horizontal line running perpendicu-
larly to the center of the shaft. That is, the first stator frame
connection plate 55a is a plate-like member on which two
half-circle arc through holes 61 are formed.

The second stator frame connection plate 5556 is in the same
shape as the first stator frame connection plate 55a. The
second stator frame connection plate 555 is disposed on the
radial-direction outside of the sixth stator core rib plate 26 so
as to maintain a predetermined radial-direction interval. An
end portion of each spring bar 31 is connected to the second
stator frame connection plate 554. Therefore, the circular
member 35 is elastically supported with respect to the stator
frame 12, making up the vibrating element 30.

The fifth stator core rib plate 25 is in the same shape as the
third and seventh stator core rib plates 23 and 27. The fifth
stator core rib plate 25 fixes the rib bars 14 so as not to
interfere with the spring bars 31 and the like.

When the rotor 1 is rotating, the electro-magnetic excita-
tion force, which forms the distribution of the four-node
circular mode of vibration, acts on the stator frame 12 via the
stator core 11. Since the vibrating element 30 is attached to
the stator frame 12, two circular modes of vibration appear on
the stator frame 12. The mass, rigidity and other factors of the
vibrating element 30 are set so that the natural frequency of
each of the circular modes of vibration is lower than vibration
frequency f, ,; of the electro-magnetic excitation force in the
case of a low-order f; (low natural frequency), and that the
natural frequency of each of the circular modes of vibration is
higher than f,,; in the case of a high-order f}, (high natural
frequency).

Even though not shown in the diagrams, as in the case of
FIG. 4 illustrated in the first embodiment, the second stator
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core connection portions 52 that are each formed on the
second and eighth stator core rib plates 22 and 28 are formed
at two locations, which are positioned substantially at the
same height as the rotating center of the rotating shaft, as well
as two locations in an upper and a lower area (vertical direc-
tion), totaling four locations. That s, the stator core 11 and the
stator frame 12 are connected together at the above four
locations.

The following describes the operation of the vibrating ele-
ment 30 of the present embodiment.

As forthe first mode of the circular mode of vibration of the
stator frame 12, the natural frequency is divided into low-
order f; (low natural frequency) and high-order f, (high natu-
ral frequency), with the vibration frequency f ,; of the elec-
tro-magnetic excitation force therebetween. At this time, the
phase relationship of a displacement of the circular member
35 relative to a displacement of the stator core 11 of the first
mode is an in-phase relationship in the case of a low-order
mode but a reverse-phase relationship in the case of a high-
order mode.

The low-order mode and the high-order mode are in the
reverse-phase relationship to each other. Therefore, when the
modes are each combined, the modes cancel each other.
Therefore, it is possible to reduce the displacement of the
response of the circular mode of vibration of the stator frame
12 of the first mode for the electro-magnetic excitation force.

Since the vibrating element 30 is connected at a position
corresponding to a node portion of the second mode, the
vibrating element 30 does not affect the second mode. There-
fore, only the response of the circular mode of vibration
caused by the second mode is left behind. However, the vibra-
tion response is a standing wave and has node portions of
vibration.

On the second stator core connection portions 52 that are
formed on the second and eighth stator core rib plates and 28,
the stator core 11 is formed at positions corresponding to four
node portions of the second mode. As described above, the
response of the stator frame 12 caused by the electro-mag-
netic excitation force is a standing wave that vibrates in the
form of the second mode; the amplitude is small in the node
portions of the second mode.

The vibrating element 30 acts in the same way as in the first
embodiment in order to curb the electro-magnetic vibration
transmitting to the stator frame 12. Therefore, the amplitude
of the vibration transmitting to the stator frame 12 becomes
smaller. Moreover, the leg portion 13 is attached to a position
corresponding to a node portion of the second mode of the
stator frame 12. Thus, it is possible to keep the vibration of the
stator frame 12 from transmitting to the base on which the
rotating electrical machine is placed.

Fourth Embodiment

A fourth embodiment of a rotating electrical machine of
the present invention will be described with the use of FIG. 4
and FIGS. 19 to 21. FIG. 19 is a schematic longitudinal
cross-sectional view of a rotating electrical machine of the
present embodiment. FIG. 20 is a schematic transverse cross-
sectional view of FIG. 19 taken along XX-XX. FIG. 21 is a
schematic transverse cross-sectional view of FIG. 19 taken
along XXI-XXI. Incidentally, in FIGS. 20 and 21, the inside
of the rotor frame 12 is not shown; only an imaginary stator
core 11 is shown.

The present embodiment is an alternative example of the
third embodiment. The portions that are the same as or similar
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to those of the third embodiment (FIGS. 16 to 18) are repre-
sented by the same reference symbols and will not be
described again.

Hereinafter, the configuration of the rotating electrical
machine of the present embodiment will be described.

As in the case of the third embodiment, in the rotating
electrical machine, a plurality of rib bars 14 are fixed to the
stator core 11 through the first to ninth stator core rib plates 21
o0 29.

On the radial-direction outsides of the second, fourth, sixth
and eighth stator core rib plates 22, 24, 26 and 28, the stator
frame connection portions 50 are formed integrally. As in the
case of the stator frame connection portions 50 formed on the
second and eighth stator core rib plates 22 and 28, which are
described with the use of FIG. 4, the stator frame connection
portions 50 are connected to the inside of the stator frame 12.

The vibrating element 30 of the present embodiment is
attached to the outside of the stator frame 12. The following
describes the configuration of a mechanism by which the
vibrating element 30 is connected.

The vibrating element 30 includes the spring bars 31 and
the circular member 35, which is connected to the spring bars
31 via the first and second circular attachment plates 33a and
33b. The vibrating element 30 is attached to an outer circum-
ference surface of the stator frame 12 via two stator frame
connection plates, i.e. the first stator frame connection plate
55a and the second stator frame connection plate 5554.

The first stator frame connection plate 554 is a member that
is in the shape of a circular disc on which a hole is made at the
center, with a surface being formed so as to extend in the
radial direction. The first stator frame connection plate 55a is
so disposed that the stator frame 12 is inside the hole. More-
over, the first stator frame connection plate 554 is provided on
an outer circumference surface of the stator frame 12 so as to
be on a line extending from the fourth stator core rib plate 24
toward the radial-direction outside.

To the surface that extends in the radial direction, one end
portion of each spring bar 31 is connected. As for the first
stator frame connection plate 554, on the radial-direction
inner portion that is closer to the center than a portion where
an end portion of each spring bar 31 is connected, the half-
circle arc through holes 61, which run in the circumferential
direction and are about less than half the circumference of the
circle in length, are formed at two locations in an upper area
and a lower area of FIG. 21 so as to contain the center of the
rotating shaft and be symmetrical about a line, which is a
horizontal line running perpendicularly to the center of the
shaft.

The first stator frame connection plate 55a is a plate-like
member on which two half-circle arc through holes 61 are
formed. Except for the half-circle arc through holes 61, a
portion whose radial-direction position is the same turns out
to be an outside connection portion 57 where the vibrating
element 30 is connected to the stator frame 12.

The second stator frame connection plate 5556 is in the same
shape as the first stator frame connection plate 55a. The
second stator frame connection plate 555 is attached to an
outer circumference surface of the stator frame 12 so as to be
on a line extending from the sixth stator core rib plate 26
toward the radial-direction outside. An end portion of each
spring bar 31 is connected to the second stator frame connec-
tion plate 554. Therefore, the circular member 35 is supported
elastically with respect to the stator frame 12, making up the
vibrating element 30.

The leg portion 13 is provided on an outer circumference
surface of the stator frame 12 at the same position as in the
third embodiment.
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With the above configuration, it is possible to achieve the
same advantageous effects as in the third embodiment. More-
over, the vibrating element 30 is disposed on the outside of the
stator frame 12. Therefore, itis possible to attach the vibrating
element 30 to an existing rotating electrical machine having
no vibrating element 30 in order to curb vibrations.

Fifth Embodiment

A fifth embodiment of a rotating electrical machine of the
present invention will be described with the use of FIGS. 1, 3
and 4 and FIGS. 22 to 27. FIG. 22 is a schematic longitudinal
cross-sectional view of a rotating electrical machine of the
present embodiment. FIG. 23 is a schematic transverse cross-
sectional view of FIG. 22 taken along XXIII-XXIII. FIG. 24
is a schematic transverse cross-sectional view of FIG. 22
taken along XXIV-XXIV. FIG. 25 is a schematic transverse
cross-sectional view of FIG. 22 taken along XXV-XXV. FIG.
26 is a schematic transverse cross-sectional view of FIG. 22
taken along XXVI-XXVTI. FIG. 27 is a schematic transverse
cross-sectional view of FIG. 22 taken along XXVII-XXVII.
Incidentally, in FIGS. 23 to 27, the rotor 1 is not shown.

Incidentally, the present embodiment is an alternative
example of the first embodiment (FIGS. 1 to 14). The portions
that are the same as or similar to those of the first embodiment
are represented by the same reference symbols and will not be
described again.

Hereinafter, the configuration of the rotating electrical
machine of the present embodiment will be described.

As in the case of the first embodiment, in the rotating
electrical machine, a plurality ofrib bars 14 are attached to the
stator core 11 through the first to ninth stator core rib plates 21
to 29. On the radial-direction outsides of the second and
eighth stator core rib plates 22 and 28, the stator frame con-
nection portions 50 are integrally formed. As in the case of the
stator frame connection portions 50 formed on the second and
eighth stator core rib plates 22 and 28, which are described
with the use of FIG. 4, the stator frame connection portions 50
are connected to the inside of the stator frame 12 at four
locations.

The vibrating element 30 of the present embodiment is
formed in the following manner: The vibrating element 30
(FIG. 1), which is described in the first embodiment, is
divided into two, upper and lower vibrating elements 30, i.e.
a first vibrating element 37« and a second vibrating element
37h, which are different in axial-direction position. The fol-
lowing describes the configuration of the first and second
vibrating elements 37a and 3754.

The first vibrating element 37a includes the spring bars 31
and a first half-circle arc member 36a (FIG. 23), which is
connected to the spring bars 31 via the first and second cir-
cular attachment plates 33a and 334.

The first half-circle arc member 36a is one of members,
which are produced by dividing the circular member 35,
described in the first embodiment, in such a way that the
center angle is about 180 degrees. The first and second circu-
lar attachment plates 33a and 335, which connect the spring
bars 31 to the first half-circle arc member 36a, are formed in
the same way as in the first embodiment (FIG. 1).

On the radial-direction outsides of the third to fifth stator
corerib plates 23 to 25, the first to third spring bar attachment
portions 40a to 40¢ are each formed integrally in order to fix
the spring bars 31 of the first vibrating element 374. The first
to third spring bar attachment portions 40a to 40¢ are in the
shape ofaplate, covering the third to fifth stator core rib plates
23 to 25 across the entire circumference from the radial-
direction outsides, with a surface being formed so as to extend
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in the radial direction. One end portion (the left end portion
shown in FIG. 22) of each spring bar 31 is attached to a
surface extending in the radial direction of the first spring bar
attachment portion 40a formed on the third stator core rib
plate 23. The other end portion (the right end portion shown in
FIG. 22) of each spring bar 31 is attached to the surface of the
third spring bar attachment portion 40c of the fifth stator core
rib plate 25. Fach spring bar 31 is fixed so as to pass through
a surface extending in the radial direction of the second spring
bar attachment portion 405 of the fourth stator core rib plate
24.

On a surface extending in the radial direction of the third
spring bar attachment portion 40c, the spring bars of the
second vibrating element 375, which are described later, are
connected on a side opposite to a side on which the spring bars
31 of the first vibrating element 37« are connected.

The first and second spring bar attachment portions 40a
and 405 formed on the third and fourth stator core rib plates
23 and 24 are connected to the third and fourth stator core rib
plates 23 and 24, respectively, at predetermined circumferen-
tial-direction positions. As for the other parts, the radial-
direction intervals remain spaced out. Circumferential-direc-
tion positions that serve as connection portions, i.e. the first
stator core connection portions 41 (FIG. 24), are formed from
an area slightly higher than the rotating center of the rotating
shaft to a lower half. As shown in FIG. 24, the radial-direction
intervals are a half-circle arc through holes 61, which runs in
the circumferential direction and is about less than half the
circumference of the circle in length; the half-circle arc
through hole 61 is formed in an upper area of F1G. 24. That is,
the third and fourth stator core rib plates 23 and 24 are plate-
like members on which one half-circle arc through hole 61 is
formed.

The third spring bar attachment portions 40¢ formed on the
fifth stator core rib plate 25 is connected to the fifth stator core
rib plate 25 at a predetermined circumferential-direction
position. As for the other parts, the radial-direction intervals
remain spaced out. Circumferential-direction positions that
serve as connection portions, i.e. the first stator core connec-
tion portions 41 (FIG. 27), are formed at two locations (in a
left and a right area of the diagram), which are substantially
positioned at the same height as the rotating center of the
rotating shaft. As shown in FIG. 27, the radial-direction inter-
vals are half-circle arc through holes 61, which run in the
circumferential direction and are about less than half the
circumference of the circle in length; the half-circle arc
through holes 61 are formed at two locations in an upper area
and a lower area of FIG. 27 so as to contain the center of the
rotating shaft and be symmetrical about a line, which is a
horizontal line running perpendicularly to the center of the
shaft. That is, the fifth stator core rib plate 25 is a plate-like
member on which two half-circle arc through holes 61 are
formed; the fifth stator core rib plate 25 is in the same shape
as the fourth to sixth stator core rib plates 24 to 26, which are
described in the first embodiment (FIG. 3).

The second vibrating element 375 includes the spring bars
31 and a second half-circle arc member 365 (FIG. 25), which
is connected to the spring bars 31 via the first and second
circular attachment plates 334 and 334.

The second half-circle arc member 365 is in the same shape
as the first half-circle arc member 364, and is disposed so as
to face downward with respect to the first half-circle arc
member 36a and to be different in axial-direction position.
The first and second circular attachment plates 33a and 335,
which connect the spring bars 31 and the second half-circle
arc member 365, are formed in the same way as the first and
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second circular attachment plates 33a and 335 formed on the
first half-circle arc member 36a.

On the radial-direction outsides of the fifth to seventh stator
core rib plates 25 to 27, the third to fifth spring bar attachment
portions 40c¢ to 40e are each formed integrally in order to fix
the spring bars 31 of the second vibrating element 375. The
third to fifth spring bar attachment portions 40c to 40e are in
the shape of'a plate, covering the fifth to seventh stator core rib
plates 25 to 27 across the entire circumference from the
radial-direction outsides, with a surface being formed so as to
extend in the radial direction. One end portion (the left end
portion shown in FIG. 22) of each spring bar 31 is attached to
a surface extending in the radial direction of the third spring
bar attachment portion 40c¢ formed on the fifth stator core rib
plate 25. The other end portion (the right end portion shown in
FIG. 22) of each spring bar 31 is attached to the surface of the
fifth spring bar attachment portion 40e of the seventh stator
core rib plate 27. Each spring bar 31 is fixed so as to pass
through a surface extending in the radial direction of the fifth
spring bar attachment portion 404 of the sixth stator core rib
plate 26.

On the third spring bar attachment portion 40c¢ of the fifth
stator core rib plate 25, the spring bars 31 of the first vibrating
element 37a are connected to the right side shown in FIG. 22;
the spring bars 31 of the second vibrating element 3756 are
connected to the left side.

The fourth and fifth spring bar attachment portions 404 and
40e¢ formed on the sixth and seventh stator core rib plates 26
and 27 are connected to the sixth and seventh stator core rib
plates 27, respectively, at predetermined circumferential-di-
rection positions. As for the other parts, the radial-direction
intervals remain spaced out. Circumferential-direction posi-
tions that serve as connection portions, i.e. the first stator core
connection portions 41 (FIG. 26), are formed from an area
slightly lower than the rotating center of the rotating shaft to
anupper half. As shown in FIG. 26, the radial-direction inter-
vals are a half-circle arc through hole 61, which runs in the
circumferential direction and is about less than half the cir-
cumference of the circle in length; the half-circle arc through
hole 61 is formed in a lower area of FIG. 26. That is, the sixth
and seventh stator core rib plates 26 and 27 are plate-like
members on which one half-circle arc through hole 61 is
formed.

The first and second vibrating elements 37a and 375 act in
the same way as the vibrating element 30 of the first embodi-
ment. Accordingly, when the first and second vibrating ele-
ments 37a and 37b are attached to the stator core 11, the
natural frequency of the first mode of the four-node circular
mode of vibration is divided into two. The configuration of
the first and second vibrating elements 37a and 375 is set so
that of the two natural frequencies, low-order vibration fre-
quency f; is lower than vibration frequency f, . of the electro-
magnetic excitation force, while high-order vibration fre-
quency f;, is higher than £, ..

It is clear from the above description that according to the
present embodiment, it is possible to achieve the same advan-
tageous effects as in the first embodiment.

According to the first embodiment, the vibrating element
30 is formed across the entire circumference at predetermined
axial-direction positions. According to the present embodi-
ment, the vibrating elements 30 are so formed that the first and
second vibrating elements 37a and 375 are different in axial-
direction position. Thus, it is possible to make a coolant gas
medium flow in the axial direction in a more efficient manner.

Sixth Embodiment

A sixth embodiment of a rotating electrical machine of the
present invention will be described with the use of FIG. 28.
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FIG. 28 is a schematic longitudinal cross-sectional view of a
rotating electrical machine of the present embodiment. Inci-
dentally, the present embodiment is an alternative example of
the fifth embodiment (FIGS. 22 to 27). The portions that are
the same as or similar to those of the fifth embodiment are
represented by the same reference symbols and will not be
described again.

According to the present embodiment, the first and second
vibrating elements 37a and 37b are provided so as to be
spaced out in the axial direction from each other. Therefore, it
is possible to achieve the same advantageous effects as in the
fifth embodiment, as well as to make a coolant gas medium
flow in a more efficient manner.

Seventh Embodiment

A seventh embodiment of a rotating electrical machine of
the present invention will be described with the use of FIGS.
8 and 9 and FIGS. 29 to 33. FIG. 29 is a schematic longitu-
dinal cross-sectional view of a rotating electrical machine of
the present embodiment. FIG. 30 is a schematic transverse
cross-sectional view of FIG. 29 taken along XXX-XXX. FIG.
31 is a schematic transverse cross-sectional view of FIG. 29
taken along XXXI-XXXI. Incidentally, in FIGS. 30 and 31,
the rotor 1 is not shown.

FIG. 32 is a model diagram showing a second natural
circular mode of vibration (second mode) of the stator 10
shown in FIG. 29, illustrating an in-phase mode in which the
stator core 11 and a second mode vibrating element 385
deform in the same direction. FIG. 33 is a model diagram
showing the second natural circular mode of vibration (sec-
ond mode) of the stator 10 shown in FIG. 29, illustrating a
reverse phase mode in which the stator core 11 and the second
mode vibrating element 385 deform in opposite directions.

Incidentally, the present embodiment is an alternative
example of the firstembodiment (FIGS. 1 to 14). The portions
that are the same as or similar to those of the first embodiment
are represented by the same reference symbols and will not be
described again.

Hereinafter, the configuration of the rotating electrical
machine of the present embodiment will be described.

The rotating electrical machine includes two vibrating ele-
ments 30, i.e. a first mode vibrating element 38a and the
second mode vibrating element 385, which is placed a pre-
determined axial-direction distance away from the vibrating
element 30.

The first mode vibrating element 38q is formed in the same
way as the vibrating element 30 described in the first embodi-
ment. The first mode vibrating element 38a is attached.
Therefore, the natural frequency corresponding to the first
mode of the four-node circular mode of vibration of the stator
core 11 is divided into low-order frequency f; ; and high-order
frequency f;;,. The mass, rigidity and other factors of the first
mode vibrating element 384 are set so that frequency £, ,; of
the electro-magnetic excitation force is sandwiched between
the above natural frequencies.

The second mode vibrating element 385 is in the same
shape as the first mode vibrating element 38a. At the same
time, the difference in circumferential-direction position
between the first stator core connection portion 41 of the
second mode vibrating element 385 and the first stator core
connection portion 41 of the first mode vibrating element 38«
is about 45 degrees (FIG. 30).

The second mode vibrating element 384 is attached. There-
fore, the natural frequency corresponding to the second mode
of the four-node circular mode of vibration of the stator core
11 is divided into low-order frequency f;, and high-order
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frequency f;;,. The mass, rigidity and other factors of the
second mode vibrating element 385 are set so that frequency
fisc of the electro-magnetic excitation force is sandwiched
between the above natural frequencies.

In general, the natural frequencies of the first and second
modes take substantially the same value. That is, it can be
assumed that ff; =f, ,=f; and f,;,=f,,,=f;,. Moreover, as for
f;, f;; and 1,5, adjustments are made to the structure, con-
figuration and shape of the circular members 35 of the first
and second mode vibrating elements 38a and 385, as well as
the rigidity, number and other factors of the spring bars 31, in
order to achieve the relationship of formula (4).

Moreover, the first mode vibrating element 38a does not
affect the second mode of the four-node circular mode of
vibration of the stator core 11. The second mode vibrating
element 385 also does not affect the first mode of the four-
node circular mode of vibration of the stator core 11. That is,
as for the relationship between the first mode vibrating ele-
ment 38a and the second mode vibrating element 385, the
natural frequencies are equal, but the first mode vibrating
element 384 and the second mode vibrating element 385 are
independent of each other.

As shown in FIG. 31, the stator core 11 and the stator frame
12 are connected together across the entire circumference
through a frame rib plate 59. That is, a portion corresponding
to the second stator core connection portions 52 (FIG. 4),
which are described in the first embodiment, is a circumfer-
ential-direction entire area of the stator core 11.

The following describes the operation of the first and sec-
ond mode vibrating elements 38a and 3854.

The first mode vibrating element 38« is attached. There-
fore, the natural frequency of the first mode of the stator core
11 is divided into low-order frequency f;, and high-order
frequency f;;,. At this time, the form of the natural mode of
vibration is the same as those shown in FIGS. 8 and 9, which
are described in the first embodiment. That is, the phase
relation of the displacement of the stator core 11 and the
circular member 35 is an in-phase relationship in the case of
a low-order mode but a reverse-phase relationship in the case
of a high-order mode.

When formula (4) is true between the natural frequency
and the vibration frequency of the electro-magnetic excita-
tion force, the mode response for the electro-magnetic exci-
tation force represents the form of the natural mode of vibra-
tion shown in FIGS. 8 and 9. Therefore, the phase of the
displacement of the stator core 11 in a low-order mode is
opposite to that in a high-order mode; the response displace-
ments of the first mode, which are obtained by combining the
modes, cancel each other.

Meanwhile, since the second mode vibrating element 385
is placed, the natural frequency of the second mode of the
stator core 11 is divided into low-order frequency f;, and
high-order frequency f,,,. At this time, the circular natural
mode of vibration takes the forms as shown in FIGS. 32 and
33. The phase relation of the displacement of the stator core
11 and the circular member 35 is an in-phase relationship in
the case of a low-order mode form shown in FIG. 32 but a
reverse-phase relationship in the case of a high-order mode
form shown in FIG. 33.

When formula (4) is true, the mode response of the second
mode for the electro-magnetic excitation force similarly takes
the forms of the natural mode of vibration shown in FIGS. 32
and 33. Therefore, the phase of the displacement of the stator
core 11 in a low-order mode is opposite to that in a high-order
mode; the low- and high-order response displacements of the
second mode, when the modes are combined, cancel each
other.
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As described above, according to the present embodiment,
it is possible to curb the vibrations of the first and second
modes of the stator core 11. Therefore, it is possible to keep
the vibrations from transmitting to the base, where the rotat-
ing electrical machine is placed, via the leg portion 13 pro-
vided on the stator frame 12.

Eighth Embodiment

An eighth embodiment of a rotating electrical machine of
the present invention will be described with the use of FIGS.
15 and 31 and FIGS. 34 to 39. FIG. 34 is a schematic longi-
tudinal cross-sectional view of a rotating electrical machine
of'the present embodiment. FIG. 35 is a schematic transverse
cross-sectional view of FIG. 34 taken along XXXV-XXXV.
Incidentally, in FIG. 35, the rotor 1 is not shown.

FIG. 36 is a model diagram schematically showing a first
natural circular mode of vibration (first mode) of the stator
shown in FIG. 34, illustrating an in-phase mode in which the
stator core 11 and the circular member 35 deform in the same
direction. FIG. 37 is a model diagram schematically showing
the first natural circular mode of vibration (first mode) of the
stator shown in FIG. 34, illustrating a reverse phase mode in
which the stator core and the circular member 35 deform in
opposite directions.

FIG. 38 is a model diagram schematically showing a sec-
ond natural circular mode of vibration (second mode) of the
stator shown in FIG. 34, illustrating an in-phase mode in
which the stator core 11 and the circular member 35 deform in
the same direction. FIG. 39 is a model diagram schematically
showing the second natural circular mode of vibration (sec-
ond mode) of the stator shown in FIG. 34, illustrating a
reverse phase mode in which the stator core 11 and the circu-
lar member 35 deform in opposite directions.

Incidentally, according to the present embodiment, the fea-
tures, of the seventh embodiment (FIGS. 29 to 33), is added to
the features of the second embodiment (FIG. 15). The por-
tions that are the same as or similar to those of the second and
seventh embodiments are represented by the same reference
symbols and will not be described again.

As shown in FIG. 35, the first stator core connection por-
tions 41 of the present embodiment are formed at eight loca-
tions, which are evenly spaced out in the circumferential
direction. The first stator core connection portions 41 are a
result of combining those obtained by the connection method
described with the use of FIG. 15 in the second embodiment
and those obtained by rotating and moving the above by 45
degrees in the circumferential direction.

As in the case of the frame rib plate 59 described with the
use of FIG. 31 in the seventh embodiment, the stator core 11
and the stator frame 12 are connected across the entire cir-
cumference.

When the first stator core connection portions 41 are
formed as described above, it is possible to allow the vibrating
element 30 to act in both the first and second modes of the
four-node circular mode of vibration. Because of the phase
relation of the displacement of the circular member 35 rela-
tive to the displacement of the stator core 11 in response to the
first mode of the four-node circular mode of vibration of the
stator core 11, two modes shown in FIGS. 36 and 37 appear.

FIG. 36 shows an in-phase mode in which the stator core 11
and the circular member 35 change in the same direction.
FIG. 37 shows a reverse phase mode in which the stator core
11 and the circular member 35 change in opposite directions.
At this time, natural frequency f;; of the in-phase mode goes
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below the original natural frequency; natural frequency f;;, of
the reverse-phase mode goes above the original natural fre-
quency.

As for the second mode, two modes appear as shown in
FIGS. 38 and 39. When compared with the first mode, the
direction ofthe main axis of the second mode (ellipse) is tilted
at 45 degrees in the circumferential direction. FIG. 38 shows
that the amplitude of the stator core 11 is in the same direction
as that of the circular member 35. FIG. 39 shows that the
amplitude of the stator core 11 is in a direction opposite to that
of'the circular member 35. That is, FIG. 38 shows an in-phase
mode, while FIG. 39 shows a reverse-phase mode.

At this time, natural frequency f;, of the in-phase mode
goes below the original natural frequency; natural frequency
f,, of the reverse-phase mode goes above the original natural
frequency.

With the above configuration, the stator core 11 and the
vibrating element 30 are isotropic, meaning that the rigidity
and mass do not change in any directions. Therefore, the
natural frequency of the first mode takes substantially the
same value as that of the second mode. That is, it can be
assumed that f; | =f, ,=f; and f;, =f,,,=f;, as in the case of the
seventh embodiment. Furthermore, as for f;, f,; and f, .,
adjustments are made to the structure, configuration and
shape of'the circular portion member of the vibrating element
30, as well as the rigidity, number and other factors of the
spring bars 31, in order to achieve the relationship of formula
4.

The vibration response of a structure caused by excitation
force can be calculated by superimposing the vibration
responses of the individual natural modes of vibration. In the
electro-magnetic excitation force, only the four-node circular
mode of vibration is excited. Therefore, the vibration
response of the stator 10 can be calculated by adding up the
responses of four circular natural modes of vibration shown in
FIGS. 36 to 39. A response in the circular natural mode of
vibration is a result of multiplying the circular natural mode
of vibration by response sensitivity, which is given as a func-
tion of the magnitude of the excitation force, natural fre-
quency, excitation frequency and attenuation rate. The form
of displacement corresponds to the natural mode of vibration.
That is, all that is required to calculate the response of the
stator 10 is to add up values obtained by multiplying each
circular natural mode of vibration by a coefficient.

When the relationship of formula (4) is true, the vibration
response of each mode can be regarded as the changes in
shape shown in FIGS. 36 to 39. That is, in the first mode, the
vibration response shown in FIG. 36 occurs in response to a
low-order natural mode of vibration; the vibration response
shown in FIG. 37 appears in response to a high-order natural
mode of vibration. The displacement of the stator core 11ina
low-order mode is in the reverse-phase relationship to that in
a high-order mode. The displacement of the circular member
35 in a low-order mode is in the in-phase relationship to that
in a high-order mode. When the responses of the two circular
modes of vibration are superimposed, the displacement of the
stator core 11 decreases because the reverse-phase displace-
ment is added. Therefore, as for the first mode, it is possible to
curb the displacement of the stator core 11, which then
becomes small.

Similarly, as for the response of the second mode, it is
possible to make the displacement of the stator core 11
smaller.

As described above, according to the present embodiment,
it is possible to achieve the same advantageous effects as in
the seventh embodiment. Moreover, since one vibrating ele-
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ment 30 acts on two natural modes of vibration at the same
time, it is possible to make the vibrating element 30 smaller.

Ninth Embodiment

A ninth embodiment of a rotating electrical machine of the
present invention will be described with the use of FIGS. 40
and 41. FIG. 40 is a schematic longitudinal cross-sectional
view of a rotating electrical machine of the present embodi-
ment. FIG. 41 is a model diagram schematically showing an
axial-direction form of a first natural circular mode of vibra-
tion (first mode) of the stator core 11 shown in FIG. 40.
Incidentally, the present embodiment is an alternative
example of the firstembodiment (FIGS. 1 to 14). The portions
that are the same as or similar to those of the first embodiment
are represented by the same reference symbols and will not be
described again.

In the rotating electrical machine of the present embodi-
ment, two vibrating elements 30, which are the same as that
described in the first embodiment, are disposed in the axial
direction (FIG. 40).

The circular natural modes of vibration of the stator core 11
are different in axial-direction amplitude in some cases. As
shown in FIG. 41, the amplitude at end portions (indicated by
a and c in the diagram), which are free boundaries, is gener-
ally larger than at a central portion (indicated by b in the
diagram) of the stator core 11. The vibrating element 30 is
placed at a position where the amplitude of the stator core 11
is large. Therefore, the inertial force of the vibrating element
30 works more strongly. Thus, when compared with the case
where the vibrating element 30 is placed at a central portion
where the amplitude is small, the vibrating element 30 is more
effective. Even when the vibrating element 30 is downsized,
it is possible to achieve the same advantageous effects as in
the first embodiment.

Tenth Embodiment

A tenth embodiment of a rotating electrical machine of the
present invention will be described with the use of FIGS. 42
to 44. FIG. 42 is a schematic transverse cross-sectional view
of a rotating electrical machine of the present embodiment.
Incidentally, in FIG. 42, the rotor 1 is not shown. FIG. 43 is a
model diagram schematically showing an outline of a natural
mode of vibration in the stator frame shown in FIG. 42. FIG.
44 is a schematic transverse cross-sectional view of an alter-
native example of the present embodiment.

Incidentally, the present embodiment is an alternative
example of the fourth embodiment (FIGS. 19 to 21). The
portions that are the same as or similar to those of the fourth
embodiment are represented by the same reference symbols
and will not be described again.

The stator frame 12 of the present embodiment is of a
square type, with a cross-sectional surface substantially in the
shape of a square.

On the outside of the stator frame 12, as shown in FIG. 42,
abeam structural member 70 is provided: The beam structural
member 70 is made for example by welding a steel sheet and
is so formed as to go along the outer shape of the stator frame
12. When the stator frame 12 is of a square type, a circular
mode of vibration occurs as indicated by solid line in FIG. 43.
At portions where antinode portions of the circular mode of
vibration of the stator frame 12 occur, i.e. at two locations of
a vertical-direction position that is substantially the same as
the rotating shaft, the beam structural member 70 and the
stator frame 12 are connected together.
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At antinode portions (in an upper area of FIG. 42) of the
circular natural mode of vibration of the beam structural
member 70, a cone 71, which is made up of stacked steel
sheets, is placed. The cone 71 and the beam structural mem-
ber 70 make up the vibrating element 30. At this time, adjust-
ments are made to the number of steel sheets of the cone 71
and other factors in order for the natural frequency of the
circular mode of vibration of the stator frame 12 to satisfy
formula (4).

Even though not shown in the diagram, the stator core 11 is
connected to the stator frame 12 at a position corresponding to
a node portion of the second mode.

Since the beam structural member 70 of the vibrating ele-
ment 30 is of a square type and formed so as to go along the
outer shape of the square-type frame, the above can be used
for a turbine generator having a square-type stator frame 12.
Since the number of steel sheets of the cone 71 can be
changed, it becomes easier to adjust the natural frequency of
the vibrating element 30.

Incidentally, when a base 100 interferes, as shown in FIG.
44, a part of the vibrating element 30 below the connection
portion can be omitted.

Other Embodiments

The foregoing description of the embodiments is given for
illustrative purposes to describe the present invention and
does not limit the inventions described in the appended
claims. Regardless of the above embodiments, the configu-
ration of each portion of the present invention may change in
various forms within the technical scope described in the
appended claims.

For example, according to the first to ninth embodiments,
the spring bars 31 work as elastic members of the vibrating
element 30. However, the elastic members are not limited to
the above. It is possible to use an elastic member that can
elastically deform in the radial direction. Moreover, it is pos-
sible to omit the spring bars 31. In this case, an elastic coef-
ficient of the circular member 35 is an elastic coefficient of the
vibrating element 30.

Moreover, the circular member 35 is the one integrally
formed. However, the circular member 35 is not limited to the
above. For example, the circular member 35 is made up of
stacked circular discs.

What is claimed is:

1. A rotating electrical machine, comprising:

a rotor that includes a rotating shaft, which rotates around
apredetermined axis, and rotates together with the rotat-
ing shatft;

a stator core that is substantially in a shape of a hollow
cylinder, is made of a plurality of steel plates, which are
substantially in a shape of a circular disc and stacked in
an axial direction, and is disposed so as to surround an
outer circumference of the rotor;

a stator frame that is so formed as to cover the stator core
from a radial-direction outside in such a way that prede-
termined radial-direction gaps are maintained on a side
surface of the stator core;

a circular member that is connected to the stator core only
at first stator core connection portions,

spring bars that are arranged so as to extend in the axial
direction in such a way that predetermined radial-direc-
tion gaps are maintained on a side surface of the stator
core, and are able to deform elastically in the radial
direction; and

spring bar connection members that the spring bars are
attached to and which are connected to the first stator
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core connection portions at least at two locations, the
spring bar connection members covering part of a side
surface of the stator core in a circumferential direction
from the radial-direction outside in such a way that
predetermined radial-direction gaps are maintained on
the side surface of the stator core, wherein:

the first stator core connection portions are formed at least
at two locations on a side surface of the stator core, the
locations being separated apart from each other in the
circumferential direction,

the circular member surrounds part of the side surface of
the stator core in the circumferential direction from the
radial-direction outside in such a way that predeter-
mined radial-direction gaps are maintained on the side
surface of the stator core, and is able to elastically
deform at least in the radial direction, the circular mem-
ber being disposed so as not to touch with the stator
frame,

when the circular member is not attached, vibration of the
stator core includes: a first natural circular mode of
vibration, in which amplitude spreads in the circumfer-
ential direction so that antinodes and nodes of vibration,
a number of which is double a number of poles of the
rotor, alternately appear substantially at regular intervals
in the circumferential direction because of rotational
electro-magnetic force excited by the rotor; and a second
natural circular mode of vibration, in which amplitude
spreads in the circumferential direction so that the sec-
ond natural circular mode of vibration has substantially
same natural frequency as a natural frequency corre-
sponding to the first natural mode of vibration, nodes
appear at locations corresponding to the antinodes of the
first natural mode of vibration, and antinodes appear at
locations corresponding to the nodes of the first natural
circular mode of vibration;

the first stator core connection portions are formed adja-
cent to portions corresponding to the antinode portions
of the first natural circular mode of vibration;

the circular member is connected to spring bar connection
portions formed on the spring bars, the circular member
covering the spring bars from the radial-direction out-
side in such a way that predetermined radial-direction
gaps are maintained on the radial-direction outside of
the spring bars:

the spring bars, along with the circular member, make one
vibrating element;

an elastic property of the vibrating element contains an
elastic property of the spring bars and an elastic property
of the circular member; and

the vibrating element is formed so that a third natural
circular mode of vibration occurs in such a way that
vibrations of antinodes spread in a direction opposite to
the first natural circular mode of vibration, that when the
circular member is attached, a mass and the elastic prop-
erty of the vibrating element are set in such a way that a
natural frequency of the first natural circular mode of
vibration goes below an excitation frequency caused by
electro-magnetic pull force of the rotor while a natural
frequency of the third natural circular mode of vibration
goes above an excitation frequency caused by electro-
magnetic pull force of the rotor, and that a response of
the first natural circular mode of vibration is canceled by
aresponse of the third natural circular mode of vibration.

2. The rotating electrical machine according to claim 1,

further comprising
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stator frame connection members that are connected to

second stator core connection portions formed at least at
two locations on the side surface of the stator core, the
stator frame connection members covering part of the
side surface of the stator core in the circumferential
direction from the radial-direction outside in such a way
that predetermined radial-direction gaps are maintained
on the side surface, and are formed so that the radial-
direction outside is connected to an inner circumference
surface of the stator frame, wherein

the second stator core connection portions contain a posi-

tion adjacent to a node portion of a second circular mode
of vibration of the stator core, in which antinodes and
nodes of vibration alternately appear in the circumfer-
ential direction as the circular member is attached to the
first stator core connection portions.

3. The rotating electrical machine according to claim 1,
wherein:
the first stator core connection portions are formed adja-

cent to portions corresponding to antinode portions of
the individual first and second natural circular modes of
vibration;

the vibrating element is formed so that the third natural

circular mode of vibration occurs in such a way that
vibrations of antinodes spread in a direction opposite to
the first natural circular mode of vibration, that when the
circular member is attached, the mass and the elastic
property of the vibrating element are set in such a way
that a natural frequency of the first natural circular mode
of vibration goes below an excitation frequency caused
by electro-magnetic pull force of the rotor while a natu-
ral frequency of the third natural circular mode of vibra-
tion goes above the excitation frequency caused by elec-
tro-magnetic pull force of the rotor, and that a response
of the first natural circular mode of vibration is canceled
by a response of the third natural circular mode of vibra-
tion; and

the vibrating element is formed so that a fourth natural

circular mode of vibration occurs in such a way that
vibrations of antinodes spread in a direction opposite to
the second natural circular mode of vibration, that when
the circular member is attached, the mass and elastic
property of the vibrating element are set in such a way
that a natural frequency of the second natural circular
mode of vibration goes below an excitation frequency
caused by electro-magnetic pull force of the rotor while
anatural frequency of'the fourth natural circular mode of
vibration goes above the excitation frequency caused by
electro-magnetic pull force of the rotor, and that a
response of the second natural circular mode of vibra-
tion is canceled by a response of the fourth natural cir-
cular mode of vibration.

4. The rotating electrical machine according to claim 1,
wherein a plurality of the vibrating elements are disposed so
as to be spaced out from each other in the axial direction.

5. The rotating electrical machine according to claim 1,
wherein:

aplurality of the vibrating elements are arranged so as to be

spaced out from each other in the axial direction; and

the spring bars of the individual vibrating elements that are

positioned adjacent to each other in the axial direction
are so formed that axial-direction end portions facing
each other of the individual spring bars are connected to
the same spring bar connection members.
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